A modified ray approach is used to model the slot lens for determining V(z) and the results are compared with experiment for several materials. The slot lens is also used to obtain V(z) of ycut quartz for a number of slot orientations relative to the crystalline x axis. The Rayleigh wave velocity as a function of propagation direction is then deduced from these measurements and compared with accepted values. It is shown that although the angular restriction of the slot lens is introduced in the lens aperture plane in contrast to shaped electrodes in the transducer plane, it is still necessary to account for diffraction in the lens rod in order to provide agreement with experiment. The application of the slot lens to crack detection is also examined and an analysis provided that yields substantial agreement with experiment. A simple yet effective method for extracting the surface wave reflection coefficient of a crack from measurements is proposed and demonstrated.
INTRODUCTION
The slot lens used in scanning acoustic microscopy is illustrated in Fig. 1 . It employs a circular transducer together with a lens aperture that is restricted by an acoustic absorber to provide surface wave excitation on the object surface over a restricted range of azimuth angles. Such systems have been shown not only to have application in the study of homogeneous anisotropic materials, as for example, in determining the angular dependence of Rayleigh velocity, but when employed in the raster-scanning mode, they permit the formation of images in a manner similar to the point-focus lens. Such capabilities have been demonstrated in the case of structured surfaces • and polycrystalline samples. The slot lens evolved from an earlier lens having a bow-tie-shaped electrode 2 that, owing to diffraction in the lens rod, gave rise to a significantly greater than expected angular spectrum of surface waves which resulted in an inability to measure accurately the Rayleigh-wave velocity along specific directions.3
To avoid the slit-like character of the bow-tie acoustic radiator and attendant radiation pattern, the slot lens uses a circular transducer to produce an axially symmetric acoustic field at the rear aperture of the lens. The concave focusing surface is partially filled with an acoustic absorbing material to form a slot-shaped clear area that limits the angular spread of acoustic rays in azimuth. Later work to be described here,
shows that the slot lens may also be used to advantage in crack detection applications as the restriction in the direction of the surface waves that are excited permits an estimation of the reflection and transmission coefficients of the crack which may be related to the structure of the crack.
Unlike the line focus lens, the slot lens forms a point focus limited only by diffraction which permits superior resolution in imaging applications. In crack detection applications, the transducer voltage is monitored as a function of distance from the crack x. The analysis of the resultant response is simplified by assuming a straight crack of infinite length that corresponds in practice to requiring the crack to be larger than the interrogating acoustic beam. For the slot lens used here, straight cracks as small as 1 mm in length or longer slowly curving cracks satisfy this requirement for reasonable defocus distances. In addition, since the slot lens launches surface waves over a restricted angular spectrum, the crack need not be precisely perpendicular to the slot axis for crack detection, in contrast to the line focus lens.
As a number of useful applications have been documented for the slot lens, it would appear desirable to develop a theory to predict the behavior of the slot lens in order to better understand its operation and possibly to optimize its configuration. The application of a strictly geometric ray theory 4 to the slot lens geometry for the purpose of predicting the acoustic material signature or V(z) yields poor agreement with measurement. This suggests that the effects of diffraction, especially in the relatively long path length of the lens rod, should be taken into account in order to provide better agreement. A similar problem was found in the case of the point-focus lens, and was treated by diffraction corrections to the geometric ray theoryfi In this work, the diffraction corrected ray theory is adapted to the lower symmetry slot lens in order to improve the prediction of transducer response for isotropic samples that are defect free or those that contain a long surface breaking crack.
Somekh et al. 6 derived an approximate Green's function for the line focus acoustic microscope and used it to numerically evaluate V(x) in the presence of a surface breaking crack. Rebinsky and Harris ? have applied asymptotic approximations to evaluate the integral expressions for the response of the line focus microscope both for cracked and defect free samples. They have also proposed a method to evaluate the crack surface acoustic wave (SAW) reflection coefficient from the acoustic signature of the crack. Beside the achievable but nontrivial requirement that the microscope be capable of measuring both amplitude and phase, the proposed method requires such additional information as SAW attenuation, amplitude of the illumination over the lens aperture, and the exact position of the lens relative to the crack.
In this work, a robust method to extract the surface acoustic wave reflection coefficient from a line scan measurement V(x) using the slot lens is proposed and demonstrated. The method requires only knowledge of the SAW velocity, which is easily deduced from a g(z) measurement made in a defect free region of the sample. As the existence of the slot aperture destroys the axial symmetry of the lens, the above integral can no longer be evaluated analytically, consequently numerical integration is employed. The result of this calculation is plotted in Fig. 2 and compared with a measured V(z) for a sample made from Teflon, taking advantage of the fact that the water-Teflon interface does not support leaky surface modes. The agreement with the observed data is not as good as it is in the case of a circular aperture lens, • which could be due, at least in part, to the fact that the strict geometric approach ignores diffraction in water, which, owing to the truncating effect of the slot, may be more important in the present case.
I. THEORETICAL MODELING OF V(z) FOR THE SLOT
An advantage of the ray approach outlined above is that, in addition to a gain in physical insight, it requires only a single integration over 4 while the angular spectrum method requires the evaluation of a much more computationally intensive double integral over the coordinates x and y.
B. Calculation of the leaky contribution V, (z)
In the strict geometric ray method of analysis of the point-focus lens of Bertoni, 4 leaky rays that emanate from the sample surface form a ring focus of radius p• in the cylindrical lens rod. The slot aperture causes portions of this ring to be truncated. Thus, neglecting the effects of diffraction, the leaky contribution VL (z) in the slot lens is the same as for a circular lens but scaled by the ratio of the length of arc exposed by the slot to the total circumference of the focal ring or, approximately,
where w is the half-width of the slot.
C. The total voltage g(z)
The total rections and therefore can be used to measure Rayleigh wave velocities as a function of propagation direction in an anisotropic crystal.
III. MODELING OF V(x) MEASUREMENTS ACROSS A SURFACE BREAKING CRACK USING THE MODIFIED RAY THEORY
In a previous article involving the current authors,•t a modified ray theory for the point focus lens was used to predict the microscope response of a sample surface containing a surface-breaking crack. The defect is assumed in the reference to be of infinitesimal thickness, straight, symmetrical in a planar surface and long compared with the diameter of the spot produced by the incident acoustic beam, even at maximum defocus. Of particular interest are line-scan measurements, called V(x,z o ), obtained by maintaining the lens at a constant defocus distance z o and scanning in x perpendicular to the discontinuity. The displacement variable x is defined as the distance between the lens axis and the crack, with x = 0 corresponding to the lens being centered directly above the crack. The crack is assumed to lie parallel to the y direction. In this work, the analysis presented in the referenced article will be extended to the slot aperture lens.
The total voltage response V(x,z) of the microscope for a planar sample, whose surface contains a crack that meets the above requirements, may be expressed as mission coefficient T, and a portion is reflected with a field reflection coefficient R. The dependence of T and R on the angle of incidence of the surface wave will be ignored on the basis that the predicted variation near normal incidence is weakly dependent on angle, as shown by Angel and Achenbach, •2 moreover, for the slot lens, the range of incident angles is limited to near normal incidence.
As the crack is assumed to be of infinitesimal thickness, the specularly reflected component Vo (z) is unperturbed by the crack and hence must be independent ofx. Thus, Vo (z) is evaluated using expression (2).
A. Transmitted component Vr(X,Z)
Figure 7 illustrates the leaky ray structure for a defectfree sample when the lens is closer than the focal distance or 
Vre fl (ix,z) = VRR (X,Z) •-VRL (X,Z), (1:2)
where VRR is the contribution due to the surface waves incident on the discontinuity from the right [ Fig. 11 (b) ] and VRL is due to the waves incident from the left [ Fig. 11 (a) The entire reflected voltage contribution Vr• (x,z) will now be considered when the crack lies within the Rayleigh circle, i.e., z<0 and x<c, shown in Fig. 11(a) Fig. 13(a) and (b to find the scattering coefficients for various angles of incidence and crack depths and found the variation in R and T with angle of incidence to be only slight in the vicinity of normal incidence. The cracks observed in this work were very deep ( • 1 mm), hence, the crack depth was assumed to be infinite when importing coefficient values from the reference.
When the slot is aligned perpendicular to the crack, the surface waves launched by the slot lens propagate in a narrow range of directions about the slot axis where the largest angle of incidence on the crack is given by sin • (w/pR).
For the lens used here, the above angle is 25 ø . The effective values for the slot lens were consequently chosen from the reference to be R = 0.54 and T = 0, which are reasonable values but strictly valid only at normal incidence.
IV. EXPERIMENTAL MEASUREMENT OF V(X,Zo)
Measured Y(x,z o ) curves for the slot lens described earlier are displayed along with the above calculated curves in Fig. 13(a) and (b) , over the range 0<x<500/•m. The crack that was measured was produced in a glass microscope slide by first producing a small linear mechanical stress crack that was subsequently enlarged in length by application of thermal stress. Only samples with long straight cracks that appeared perpendicular to the sample surface (20). As discussed above, the model for V(x) fails at x = 0. At that point, however, the microscope response is reasonably well described by (19). Thus, expression (20) will be assumed to be valid for small x and be used for extracting a value for R. 
The acoustic microscope employed in this work

ACKNOWLEDGMENT
The work of D. Chizhik was supported by a research fellowship from AFOSR, Bolling AFB.
